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VEGETABLE PROTEIN COMPOSITION CONTAINING 
AN ISOFLAVONE DEPLETED VEGETABLE PROTEIN 
MATERIAL WITH AN ISOFLAVONE CONTAINING 
MATERIAL 



The following statement is a full description of this invention, including the best method of peifoiming it known to us 



ABSTRACT 

The present invention is a vegetable protein composition. The vegetable protein 
composition contains an isoflavone depleted vegetable protein material and an 
isoflavone containing material which is dispersed in the isoflavone depleted vegetable 
protein material. The composition may be used in foods to provide the nutritional 
benefits of the isoflavone depleted vegetable protein material while providing the health 
benefits of the isoflavone containing material. The invention also includes processes 
for forming such vegetable protein compositions. 
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VEGETABLE PROTEIN COMPOSITION CONTAINING AN ISOFLAVONE 
DEPLETED VEGETABLE PROTEIN MATERIAL WTTH AN ISOFLAVONE 

CONTAINING MATERLVL 

Field of the Invention 

5 The present invention relates to vegetable protein compositions containing 

isoflavones, and particiJarly to vegetable protein compositions containing an 
isoflavone depleted vegetable protein material with an isoflavone containing material 
dispersed therein, and processes for producing the same. 
Background of the Invention 

10 Vegetable materials which contain protein are commercially processed to 

produce vegetable protein materials such as vegetable protein concentrates and 
vegetable protein isolates. Commonly produced vegetable protein materials include 
soy protein concentrates, soy protein isolates, pea protein materials, and protein 
materials derived from legumes. Vegetable protein materials arc widely used in the 

15 food industry as protein enrichment ingredients or as functional ingredients in a wide 
variety of foods. For example, vegetable protein materials are used in such food 
products as meats, nutritional beverages, soups, cheeses, bakery products, and 
yogurts. 

Several varieties of vegetable materials containing protein also contain 
20 phytoestrogenic isoflavones in their native, unprocessed state. Isoflavones are 
phenolic compounds occmring naturally in numerous types of plants which serve to 
aid in the fixation of nitrogen in the root systems of certain plants, and to act as a 
natural protectant against parasites. 

In the production of vegetable protein materials such as vegetable protein 
25 concentrates and vegetable protein isolates for use in foods, the focus has been to 
obtain a material which is comprised primarily of protein. In the production of 
vegetable protein materials from vegetable materials containing protein and 
isoflavones, a substantial portion of the isoflavones are separated from the vegetable 
protein, resulting in a protein rich material which has been depleted in isoflavone 
30 content. For example, vegetable protein concentrates are formed by washing a 
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vegetable material with an aqueous alcohol or an aqueous acidic solution having a pH 
at about the isoelectric point of the protein. See, e.g., Sov Protein Product^^ 
Characteristics, Nutritional Aspects, and Utilization, pp. 3-6 (Pub. Soy Protein 
Council, 1987). The aqueous acid or alcohol wash removes materials soluble in the 
5 wash, including a substantial portion of the isoflavones and carbohydrates in the 
vegetable material, from protein and other insoluble materials such as vegetable fiber 
materials, leaving a protein concentrate material which contains from 65% to 90% 
protein by weight, but which is significantly reduced in isoflavone concentration. 

Protein isolates are formed by extracting a vegetable material containing 
10 protein with water or an aqueous alkaline solution to solubilize protein and other 
materials soluble in the aqueous solution such as carbohydrates and isoflavones. The 
extract containing solubilized protein is separated from insoluble vegetable fiber 
material, and then the pH of the extract is adjusted to about the isoelectric point of the 
protein to precipitate the protein. The protein is then separated from the extract and 
15 the materials still soluble in the extract, including a substantial portion of the 
isoflavones, to form a protein isolate material containing 90% or more protein by 
weight. The protein isolate is washed with water to fruther remove water soluble 
materials from the protein. See, e.g., Sov Protein Products. Characteristics. 
Nutritional Aspects, and Utilization, pp. 3-6 (Pub. Soy Protein Council, 1987). The 
20 resulting protein isolate is significandy reduced in isoflavone concentration relative to 
the vegetable material from which the protein isolate is derived. 

Removal of isoflavones from vegetable protem materials in the production of 
protein concentrates and vegetable protein isolates has been an objective in 
processing of such materials, since isoflavones have been associated with the bitter 
25 taste of vegetable protein materials such as soy. For example, Japanese Patent No. 
59-23 2052 A teaches a process for removing isoflavones from a soybean protein 
material by contacting the protein material with an adsorbent resin to produce a better 
tasting soybean protein. Alcohol extraction of vegetable protein materials to remove 
alcohol soluble components from the protein is particularly preferred since alcohol 
30 extraction produces a better tasting vegetable protein material than aqueous 
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extraction, in part because alcohol is quite effective in removing isoflavone 
compounds from the vegetable protein material. See, e.g., Japanese Patent No. 63- 
245,648A. 

Isoflavones, however, have recently been implicated as compounds which are 
responsible for several health benefits in humans. It has been suggested that 
isoflavones may be effective to prevent or retard certain cancers such as prostate 
cancer and breast cancer, as described in the following articles: Genistein Inhibition 
of the Growth of Himian Breast Cancer Cells. Independence from Estrogen Receptors 
and the Multi-Drug Resistance Gene . Peterson and Barnes, Biochemical and 
Biophysical Research, Communications, Vol. 179, No. 1, pp. 661-67 (Aug. 30, 1991); 
Genistein and Biochariin A Inhibit the Growth of Human Prostate Cancer Cells but 
not Epidermal Growth Factor Tyrosine Autophosphorvlation. Peterson and Barnes, 
The Prostate, Vol. 22, pp. 335-45, (1993); and Soybeans Inhibit Mammaiv Tumors in 
Models of Breast Cancer . Barnes et al.. Mutagens and Carcinogens in the Diet, pp, 
239-53 (1990). It has been postulated that the low incidence of breast cancer in 
Japanese women is due to a diet which contains large amounts of isoflavones. 
Soybean Phytoestrogen Intake and Cancer Risk , Herman et al.. First International 
Symposium on the Role of Soy in Preventing and Treating Chronic Disease, pp. 
ISlS'llOS (Feb. 20-23, 1994). Isoflavones are also believed to reduce or prevent 
menopausal symptoms. Dietary Phvto-oestrogens and the Menopause in Japan. 
Adlercreutz et al.. The Lancet, Vol. 339, p. 1233 (May 16, 1992). Fmthermore, 
isoflavones have been identified as vasodilating agents in humans and in non-human 
primates, with corresponding cardioprotective eifects. Enhancement of Coronary 
Vasodilation by Sov Phytoestrogens and GenisteiiL Honore et al.. Circulation, 
92:1:349(1995). 

Recent efforts to obtain the medical benefits of isoflavones have focused on 
separating and recovering the isoflavones from plant materials. The following 
patents describe various methods of separating isoflavones from plant materials such 
as pueraria lobata, legumes, and soy: U.S. Patent Nos. 4,428,876; 5,702,752; 
5,679,806; 4,390,559; 4,366,248; 4,366,082; 4,264,509; 4,232,122; 4,157,984; 
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Japanese Patent Nos. 1-258669A; 5-170756A; 41-90720A; 62-126186A; 62- 
126 185 A; and PCT Patent Application No. WO 93/23069. The separated isoflavone 
materials may be utilized in pharmaceutical or dietary supplement compositions as 
described in U.S. Patent Nos. 5,516,528; 5,424,331; 5,569,459; 5,654,011 and PCT 
Patent Application No. WO 93/23069. 

While purified isoflavone compositions may be useful in pharmaceutical 
compositions and dietary supplements to treat and prevent a variety of conditions, 
recent studies indicate that some health benefits available from vegetable protein 
materials containing substantial amoimts of isoflavones cannot be provided by the 
isoflavones alone or the vegetable protein material when the vegetable protein 
material is substantially depleted of isoflavones. Ingestion of soy protein materials 
containing substantial amoimts of isoflavones has been shown to reduce the 
significant coronary heart disease factors total cholesterol and low density lipoprotein 
cholesterol (LDL-cholesterol) in non-human primates, where it is postulated that the 
soy isoflavones are responsible for up to 70% of the hypocholesterolemic effect, and 
appears to have the same effect in humans having elevated levels of cholesterol. See, 
e^g'f s; Meta-Analvsis of the Effects of Sov Protein Intake on Scrum Lipids . 
Anderson et al., N, Engl X Med, Vol. 333, No. 5, pp. 276-82 (1995). Ingestion of 
tablets containing isoflavones purified from soy, however, has been shown to have no 
effect on total cholesterol and LDL-cholesterol in menopausal and perimenopausal 
women. Sov Isoflavones Improve Systemic Arterial Compliance but Not Plasma 
Lipids in Menopausal and Perimenopausal Women , Nestel et al.. Arteriosclerosis, 
Thrombosis, and Vascular Biology, Vol. 17, No. 12 (Dec. 1997). Likewise, alcohol 
extracted soy protein, which contains minimal amoimts of isoflavones, has been 
shown to have little or no effect on total cholesterol and LDL cholesterol. Anthony, . 

Efforts have also been made to maximize the health benefits from isoflavones 
remaining in processed vegetable protein materials such as a vegetable protein 
concentrates or a vegetable protein isolates by converting the isoflavones remaining 
therein to their most biologically active form. For example, U.S. Patent No. 
5,637,562 provides a process for producing an aglucone isoflavone enriched 
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vegetable protein concentrate in which isoflavone glucosides are converted to the 
more biologically active aglucone isoflavone by enzymatic cleavage of a glucoside 
moiety from the isoflavone glucosides. PCT Patent Application No. 
PCT/US94/ 10697 discloses a process for producing an aglucone isoflavone enriched 
vegetable protein isolate by converting isoflavone glucosides to aglucone isoflavones 
prior to precipitating a protein material from an extract containing soluble protein and 
isoflavones. 

Summary of the Invention 

The present invention provides a vegetable protein composition containing an 
isoflavone depleted vegetable protein material and an isoflavone containing material 
dispersed in the vegetable protein material. The vegetable protein composition of the 
present invention may have any selected amount of isoflavones dispersed therein, and 
preferably has an amount of isoflavones dispersed therein to render the vegetable 
protein composition effective to treat or prevent targeted adverse health conditions. 

hi another aspect, the present invention is a process for forming a vegetable 
protein composition in which an isoflavone depleted vegetable protein material and 
an isoflavone containing material are provided, and the isoflavone containing 
material is dispersed in the isoflavone depleted vegetable protein material. 

hi yet another aspect, the present invention is a process for forming a 
vegetable protein composition in which a vegetable material containing protein and 
isoflavones is provided, and is extracted with an extractant effective to solubilize 
isoflavones to form an extract containing isoflavones. An isoflavone depleted 
vegetable protein material is then separated from the extract containing isoflavones, 
and an isoflavone containing material is formed from the extract. The isoflavone 
containing material is then dispersed in the isoflavone depleted vegetable protein 
material. 

hi a most preferred embodiment, the isoflavone depleted vegetable protein 
material is an alcohol extracted vegetable protein material to provide a good tasting 
vegetable protein material. 
Description of the Preferred Embodiments 
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The vegetable protein composition of the present invention includes an 
isoflavone depleted vegetable protein material and an isoflavone containing material 
which is dispersed in the isoflavone depleted vegetable protein material. 
Isoflavone Depleted Vegetable Protein Materials 

Isoflavone depleted vegetable protein materials used in the composition are 
vegetable protein materials which may be used as a protein enrichment ingredient in a 
food material or as a functional ingredient in a food material. Vegetable protein 
materials which are used as a protein enrichment ingredient in a food material include 
vegetable protein materials which are used to provide supplemental protein in a food 
material as well as vegetable protein materials which are used to provide the total 
protein content in a food material. Vegetable protein materials which are used as 
functional ingredients in a food material include vegetable protein materials which 
are used to provide emulsive properties to a food material, vegetable protein materials 
which are used to bind fat, oils or water in a food material, and vegetable protein 
materials which are used to provide gelling properties to a food material. 

The isoflavone depleted vegetable protein materials used in the composition of 
the invention are derived from vegetable materials which contain protein and 
isoflavones. As used herein, the tenn "isoflavone depleted" refers to , the 
concentration of isoflavones in a vegetable protein material relative to the 
concentration of isoflavones in a vegetable material from which the vegetable protein 
material is derived. Preferably the isoflavone depleted vegetable protein material is a 
soy protein material, a lupin protein material, a legume protein material, or a pea 
protein material. Most preferably the isoflavone depleted vegetable protein material 
is a soy protein material. 

Preferably the isoflavone depleted vegetable protein material is a vegetable 
protein concentrate or a vegetable protein isolate. As used herein the tenn "vegetable 
protein concentrate" has the same meaning as is conventionally associated with the 
term vegetable protein concentrate except that the vegetable protein concentrate is 
derived from a vegetable material containing both isoflavones and protein. 
Specifically, the term vegetable protein concentrate, as used herein, is a material 
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derived from a vegetable material containing isoflavones and protein by washing or 
extracting the vegetable material with an aqueous solution having a pH at about the 
isoelectric point of the protein in the vegetable material or with an alcohol solution, 
and separating the wash or extract solution from the vegetable material to provide the 
5 vegetable protein concentrate. A vegetable protein concentrate, as utilized in the 
invention, has a diy weight protein content of from about 65% to about 90% by 
weight. 

As used herein the term 'Vegetable protein isolate" has the same meaning 

conventionally associated with the term vegetable protein isolate except that the 

10 vegetable protein isolate is derived from a vegetable material containing both 
•» *■ 

• isoflavones and protein. Specifically, the term vegetable protein isolate, as used 
*• 

herein, is a material derived from a vegetable material containing isoflavones and 

• I 

protein by 1) extracting the vegetable material with water or an aqueous alkaline 
solution having a pH from about 7 to about 11 to solubilize the protein and 
I.rr* *5 isoflavones in the extractant; 2) separating the extractant from insoluble vegetable 
materials; 3) precipitating the protein from the separated extract by adjusting the pH 
of the extract to about the isoelectric point of the protein; 4) separating the 
precipitated protein from the extract; and 5) optionally, but preferably, washing the 
separated protein with water and/or alcohol. A vegetable proteia isolate, as utilized 

• ♦ 

: 20 in the invention, has a dry weight protein content of at least 90% by weight 

In a particularly preferred embodiment, the vegetable protein concentrate or 
vegetable protein isolate is an alcohol extracted or washed material since alcohol 
extraction provides a protein material especially suitable for use in a food material. A 
vegetable protein concentrate may be extracted with an alcohol solution in the 
25 formation of the vegetable protein concentrate, or may be extracted with an alcohol 
after the vegetable protein concentrate is formed by an isoelectric aqueous wash. A 
vegetable protein isolate is extracted or washed with an alcohol after being 
precipitated and separated from the aqueous alkaline extract. The vegetable protein 
concentrate or isolate is preferably extracted or washed with a food grade alcohol. 
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most preferably with an aqueous ethanol solution containing from about 55% to about 
90% ethanol. 

Isoflavone Containing Materials 

Isoflavone containing materials used in the composition may be materials 
separated from a plant material containing isoflavones. Plant materials containing 
isoflavones include, but are not limited to, one or more of the following plant 
materials: soy bean, chick pea, red clover, subterranean clover, ground pea, milk 
vetch, marama bean, sword bean, jack bean, seaside sword bean, caraobean, cluster 
bean, balu, hyacinth bean, grass pea, Indian vetch, garden pea, djenko bean, goa bean, 
yam bean, broad bean, earth pea, lentil, jumping bean, alfalfa, velvet bean, African 
locust bean, inga, Cyprus vetch, yebnut, tallow tree, Polynesian chestnut, kudzu root 
{Pueraria lobata), oil bean tree, mesquite, tamarind, fenugreek, hidian liquorice, 
ground nut, and derivatives of such plant materials, including defatted soy flakes, soy 
flour, and soy meal. Most preferably the isoflavone containing material is separated 
from either a soyabean material or a clover material, since these plants contain 
particularly high concentrations of isoflavones. 

In one embodiment, an isoflavone containing material of the composition is an 
isoflavone rich portion of a plant material which is separated from other portions of 
the plant material. In a preferred embodiment. Ac plant material is a soybean 
material, and the isoflavone rich portion of the soybean material which is separated as 
the isoflavone containing material is the hypocotyl of the soy material. The 
hypocotyls of soy fonn a small proportion of the total weight of the intact soybean 
(approximately 2%), but are rich in isoflavones. particularly daidzein. The 
hypocotyls may be separated from intact soybeans by dehulling Ae soybean, and 
separating the hypocotyls from the remaining soy material by passing the soy 
material over a sieve of sufficient pore size to separate the relatively small hypocotyls 
from the remaining soy material. The separated hypocotyl material is preferably 
ground to produce a powder, which may be used as the isoflavone containing matenal 
in the composition of the present invention. 
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-lo- 
in another embodiment, an isoflavone containing material of the composition 
of the present invention may be an extract of one or more of the above listed plant 
materials in which the plant material(s) is/are extracted with an extractant in which 
isoflavones are soluble, and the extract containing the isoflavones is separated from 
5 insoluble plant materials. Preferred extractants for forming the isoflavone containing 
material extract include, but are not limited to, water, low molecular weight alcohols 
including methanol, ethanol, isopropyl alcohol, propanol, isobutyl alcohol, and 
butanol; ethyl acetate; acetone; acetonitrile; chloroform; and mixtures thereof. Most 
preferably, the extractant is an aqueous ethanol or aqueous methanol extractant 

10 containing from about 55% to about 90% alcohol, by volume. 

In a preferred embodiment, the isoflavone containing material of the 
composition of the present invention is a derivative of one or more of the above listed 
extracts of one or more of the above listed plant materials. A derivative of an extract, 
as the term is used herein, refers to a material, either solid or liquid, which can be 

15 recovered from an extract by subjecting the extract to conditions which change the 
physical or chemical makeup of the extract. For example a derivative, as used herein, 
includes a condensed form of the extract, a solid residue recovered from the extract, a 
purified isoflavone material recovered from the extract by high performance liquid 
chromatography ("HPLC"), a material containing isoflavones which is recrystallized 

20 from the extract, or a material containing isoflavones which is extracted from the 
extract by another extractant. 

In a preferred embodiment of the invention, the isoflavone containing material 
is a derivative of an extract of a plant material containing isoflavones in which the 
isoflavone containing material is formed by concentrating the extract. The isoflavone 

25 containing material formed by concentration the extract may be a liqxiid or a sohd 
material, depending on the extent of concentration of the extract. In one preferred 
embodiment of the invention, the isoflavone containing material is a concentrated 
aqueous alcohol extract of an isoflavone containing clover. In another preferred 
embodiment of the invention, the isoflavone containing material of the invention is 
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condensed soy solubles, which is used in accordance with its conventional meaning 
in the art. 

In still another preferred embodiment of the invention, the isoflavone 
containing material is a derivative of an extract of an isoflavone containing plant 
material comprising an isoflavone containing material recrystallized from the extract. 
Preferably the recrystallized isoflavone containing material is derived from an 
aqueous alcohol extract of one or more of the isoflavone containing plant materials 
listed above, where the recrystallized isoflavone material is recovered from the 
extract by concentrating the extract, cooling the concentrated extract to precipitate the 
isoflavone material, and separating the precipitated isoflavone containing material 
from the extract. 

In yet another preferred embodiment of the invention, the isoflavone 
containing material is a derivative of an extract of an isoflavone containing plant 
material comprising an isoflavone containing material separated from the extract by 
HPLC or by reverse phase HPLC. The isoflavone containing material may be 
derived by HPLC or reverse phase HPLC by elating an extract of an isoflavone 
containing material through an adsorbent resin which releasably binds isoflavones 
and impurities in a compoxmd specific manner with an eluent in which the 
isoflavones are soluble, and collecting fractions of eluent containing the isoflavones. 
The fractions of eluent containing the isoflavones may be combined and concentrated 
to provide a purified isoflavone containing material. In a preferred embodiment, the 
isoflavone containing material is derived by reverse phase HPLC, where the eluent is 
selected from aqueous ethanol or methanol, acetonitrile, ethyl acetate, acetone, or 
combinations thereof 

The isoflavones contained in the isoflavone containing material are isoflavones 
which are contained naturally in the plant materials, although relative concentrations 
of isoflavone conjugates, isoflavone glucosides, and aglucone isoflavones may be 
altered from the naturally occurring concentrations of these materials in the plant 
material from which the isoflavones are separated, either by the process of separation 
or by processes specifically intended to alter die relative concentrations of these 
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materials. In a preferred embodiment the isoflavone containing material contains at 
least one of the aglucone isoflavones selected from genistein, daidzein, glycitein, 
biochanin A, or formononetin, or at least one of the isoflavone glucosides genistin, 
daidzin, or glycitin, or at least one of the isoflavone conjugates 6"-0Mal genistin, 6"- 
5 OAc genistin, 6"-OMal daidzin, 6"-OAc daidzin, or 6"-OMal glycitin, or mixtures 
thereof, where "Mai" designates "maionyl" and "Ac** designates "acetyl". The 
structures for the aglucone isoflavones, isoflavone glucosides, and isoflavone 
conjugates are shown in Formulas 1 and 2 below. 
Formula 1 - Aglucone isoflavone 
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Formula 2 - Isoflavone conjugate or isoflavone glucoside 
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Isoflavone containing materials used in the composition of the present 
invention may also contain, or be, a synthetically prepared isoflavone selected from 
the group of genistein, daidzein, glycitein, biochanin A, formononetin, or their 
respective glucosidcs or conjugates. The synthetically prepared isoflavone may be 



5 dispersed directly in the isoflavone depleted vegetable protein material of the 
composition, or may be mixed in a conventional, inert, food grade earner such as 
cellulose, starch, flour, or other commonly used carriers. 

Genistein may be prepared in accordance Avith known methods of synthesis 
such as by the methods provided by Baker et al (1 Chem, Soa, p, 3115 (1928)); 

10 Narasimhachari et al. (J. Set Ind Res,, Vol 12, p. 287 (1953)); Yoder et al., (Proc. 
Iowa Acad ScL, Vol. 61, p. 271 (1954); and Zemplen et al. {Acta. Chint Acad ScL 
Hung., Vol. 19, p. 277 (1959)), each reference of which is incorporated herein by 
reference. Genistin may be synthetically prepared by the method of Zemplen et al. 
{Ber,, Vol 76B, p. 1110 (1943)), incorporated herein by reference. The isoflavone 

15 conjugates of genistein 6"-0Mal genistein and 6"-0Ac genistein can be prepared by a 
conventional saponification of genistin with a malonyl or an acetyl anhydride, 
respectively. 

Daidzein may be synthetically prepared by the methods provided by Baker et 
al (J. Chem, Soa, p. 274 (1933)), Wesley et al. (Ber, Vol. 66, p. 685 (1933)), Mahal 
20 et al. (J. Chem, Soc, p. 1769 (1934)), Baker et al. (7. Chem. Soc, p. 1852 (1953)), or 
Farkas (Ber, Vol. 90, p. 2940 (1957)), each reference of which is incorporated herein 
by reference. Daidzin may be synthetically prepared by the method of Farkas et al. 
(J9er., Vol 92, p. 819 (1959)), incorporated herein by reference. The daidzein 
isoflavone conjugates 6"-0Mal daidzin and 6"-0Ac daidzin can be prepared by a 
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conventional saponification of daidzin with a malonyl or an acetyl anhydride, 
respectively, 

Formononetin may be synthetically prepared by the methods provided by 
Wessely et al. {Ber. Vol. 66, p. 685 (1933)), or Kagel et al. {Tet, Letters, p. 593 
5 (1962)), each reference of v^hich is incorporated herein by reference. 

The vegetable protein composition contains sufficient isoflavone containing 
material dispersed in the isoflavone depleted vegetable protein material to provide 
beneficial health benefits to a human consuming a serving of a food or beverage 
containing the vegetable protein composition. Preferably, the vegetable protein 
10 composition contains the minimum amount of isoflavone containing material 
••. J necessary to provide such benefits. Preferably the vegetable protein composition 

contains between about 2.5 mg to 100 mg of total isoflavones per gram of isoflavone 

• • • • 

depleted vegetable protein material^ or between about 1.5 mg to 85 mg of aglucone 
isoflavones per gram of isoflavone depleted vegetable protein material. 
15 In another aspect, the invention is a process for forming a vegetable protein 

composition containing an isoflavone depleted vegetable protein material and an 

• » • • 

' isoflavone containing material. The process comprises providing an isoflavone 

^.•^ depleted vegetable protein material and providing an isoflavone containing material, 

• • • • 

WW* and dispersing the isoflavone containing material in the isoflavone depleted vegetable 

20 protein material. 
" * * Providing an Isoflavone Depleted Vegetable Protein Material 

An isoflavone depleted vegetable protein material is provided by: providing a 
vegetable material containing protein and isoflavones, and separating a protein 
material from the vegetable material in a manner which reduces the amount of 
25 isoflavones in the protein material relative to the initial concentration of isoflavones 
in the vegetable material. Vegetable materials which contain protein and isoflavones 
include soy beans, soy bean derivatives such as full fat and defatted soy flakes, soy 
flour, soy grit, and soy meal, oil seeds such as rapeseed, lupin, legumes, and several 
varieties of peas and beans, including ground pea, chick pea, grass pea, garden pea, 
30 earth pea, marama bean, sword bean, jack bean, caraobean, cluster bean, hyacinth 
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bean, djenko bean, goa bean, yam bean, broad bean, jumping bean, and velvet bean. 
The vegetable materials containing protein and isoflavones may be in a processed 
form, such as a flour, grit, meal, or flake. 

The protein material may be separated from the vegetable material in any 
manner which provides a material containing a greater concentration of protein, by 
weight, than the vegetable material, and which reduces the amount of isoflavones in 
the separated protein material relative to the vegetable material. It is particularly 
preferred that conventional processes for forming vegetable protein concentrates and 
vegetable protein isolates be used to provide the isoflavone depleted vegetable 
protein material. 

An isoflavone depleted vegetable protein concentrate may be provided by 
washing a vegetable material containing protein and isoflavones with an aqueoxis 
solution having a pH at about the isoelectric point of the protein, or with an alcohol 
solution. Preferably the initial vegetable material is a processed vegetable material 
which has been rendered into a flake or flow, and may have been processed to 
remove fat from the vegetable material. The wash removes soluble carbohydrates, 
isoflavones, ash, and other materials from the vegetable material. 

If an aqueous wash is used, the wash may be prepared by adjusting the pH of 
water to about the isoelectric point of the protein with a suitable acidic or basic 
reagent. Typically the isoelectric point of the protein occurs at a mildly acidic pH, 
and preferably an aqueous solution is adjusted to about the isoelectric point with a 
food grade mineral acid such as hydrochloric acid. 

If an alcohol wash is used, the alcohol wash should be a food grade reagent, 
and preferably is an aqueous ethanol solution. An aqueous ethanol solution may 
contain from about 55% to about 90% ethanol by volume. An alcohol wash is the 
preferred wash to form the isoflavone depleted vegetable protein concentrate, since 
vegetable protein concentrates formed by alcohol washing generally have a better 
taste than vegetable protein concentrates formed by aqueous washing. 

The vegetable material should be contacted with sufficient wash solution to 
form a vegetable protein concentrate containing between 65% and 90% protein, by 
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dry weight. The weight ratio of wash solution to vegetable material may be from 
about 2:1 to about 20:1, and preferably is from about 5:1 to about 10:1, Preferably 
the vegetable material is agitated in the wash solution for a period of time to facilitate 
removal of materials soluble in the wash solution from the vegetable material. The 
5 wash solution is then decanted from the vegetable material to provide the vegetable 
protein concentrate. 

An isoflavone depleted vegetable protein isolate may be provided by 
extracting a vegetable material containing isoflavones and protein with water or an 
aqueous alkaline extractant to solubilize protein and isoflavones in the extractant, 

10 separating the extract from insoluble vegetable materials such as vegetable fibers, 
precipitating the protein from the extract by adjusting the pH of the extract to about 
the isoelectric point of the protein, and separating the precipitated protein from 
extract Again, it is preferred that the initial vegetable material is a processed 
vegetable material which has been rendered into a flake or flour form, and, 

15 optionally, has been defatted. 

The extractant is an aqueous solution having a pH of from about 7 to about 11. 
Conventional alkaline reagents may be employed, if desired, to raise the pH of the 
extractant, and preferred alkaline reagents include sodium hydroxide, potassium 
hydroxide, and anunonium hydroxide. It is most preferred that the extractant have a 

20 pH of from about 9 to about 10, since protein in the vegetable material is more 
soluble in aqueous solutions having a relatively high pH. Excessively alkaline 
extractants, for example having a pH above 11, are to be avoided since highly 
alkaline conditions may cause the formation of toxic lysinoalanine compounds from 
the protein. 

25 The weight ratio of extractant to vegetable material should be sufiBcient to 

extract a substantial amount of the protein from the vegetable material. Preferably, 
the weight ratio of extractant to vegetable material is from about 4:1 to about 20:1, 
and more preferably from about 8:1 to about 16:1. 

The extraction may be carried out by conventional extraction methods. In one 

30 embodiment, the extraction is carried out by a countercurrent extraction process. In 
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another embodiment, the extraction is a double extraction, where the vegetable 
material is extracted with a first volume of extractant and then is extracted with a 
second volume of extractant, and the first and second extractant volumes are 
combined. 

5 The extractant is separated from the vegetable material after the extraction to 

separate the solubilized protein from insoluble vegetable materials such as vegetable 
fibers, cellulose, and insoluble hemicelluloses. The extractant may be separated in a 
conventional manner from the insoluble vegetable materials, such as decantation, 
centrifugation and removal of the supernatant from insoluble materials, or filtration. 

10 After the extractant is separated from the insoluble vegetable materials to form 

an extract containing solubilized protein, the protein in the extract is precipitated 
from the extract by adjusting the pH of the extract to about the isoelectric point of the 
protein. Typically the isoelectric point of the protein is at a mildly acidic pH, for 
example soy protein has an isoelectric point at pH 4.5, so the pH of the extract is 

15 adjusted by adding a suflBcient amount of an acidic reagent to the extract to 
precipitate the protein. Preferred acidic reagents are food grade mineral acids such as 
hydrochloric acid and phosphoric acid. 

The precipitated protein is then separated from the extract to form the 
isoflavone depleted vegetable protein isolate. Separation of the protein from the 

20 extract separates the protein from a significant portion of the isoflavones, since a 
significant portion of the isoflavones are soluble in the extract at the isoelectric point 
of the protein material. The separation may be effected by conventional means for 
separating a solid material from a liqxud such as centrifugation and decantation of the 
supernatant, or filtration. The separated protein isolate contains at least 90% protein, 

25 by weight. 

The separated isoflavone depleted protein isolate may be washed with water or 
an alcohol solution to further remove water or alcohol soluble materials remaining in 
the protein isolate. The weight ratio of the wash to the protein isolate material is 
preferably from about 2:1 to about 15:1, and the protein material may be washed 
30 multiple times to ensure removal of impurities. In a preferred embodiment, the wash 
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is an aqueous ethanol wash having an ethanol content of from 55% to about 90%, 
since alcohol washing of vegetable protein materials generally provides a protein 
material with better taste than water washing. 
Providing an Isoflavone Containing Material 
5 An isoflavone containing material may be provided by separating the 

isoflavone containing material from a plant material containing isoflavones, or by 
synthetically preparing one or more isoflavones for inclusion in the isoflavone 
containing material. If synthetically prepared isoflavones are to be included in the 
isoflavone containing material, one of the above referenced procedures for 
10 synthetically preparing isoflavone compounds may be used to provide the 
isoflavone(s). 

If the isoflavone containing material is to contain isoflavones separated from a 
plant material, a plant material containing isoflavones is provided. A non-exclusive 
list of some plant materials containing isoflavones is provided above. 

15 The plant material may be prepared for separation of the isoflavone containing 

material by processing the plant material to render the isoflavones easily accessible to 
an extractant. The plant material may be processed by grinding or comminuting the 
plant, and by removing plant compounds which may interfere with separation of the 
isoflavones. For example, a soy bean material may be grotmd and then defatted by 

20 extraction with hexanes to prepare the plant material for separation of an isoflavone 
containing material. Leafy plants which contain substantial amounts of isoflavones in 
their leaves, such as clovers, may not need to be ground or comminuted prior to 
separation of the isoflavone containing material, however, it is preferred that any 
plant material is comminuted prior to separation of the isoflavone containing 

25 material. 

An isoflavone contaiixing material is separated from the plant material by 
extracting the plant material with an extractant in which the isoflavones are at least 
partially soluble. Preferred extractants include, but arc not limited to: water; low 
molecular weight alcohols including methanol, ethanol, isopropyl alcohol, propanol, 
30 isobutyl alcohol, and butanol; ethyl acetate; acetone; acetonitrile; chloroform; and 
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mixtures thereof. Particularly preferred extractants are aqueous methanol and 
aqueous ethanol solutions containing from about 55% to about 90% alcohol by 
volume. 

The extraction may be conducted by conventional extraction procedures. In 
5 one embodiment the plant material and the extractant are agitated together for a 
period of from 30 minutes to 24 hours at room temperature (22**C) to efifect the 
extraction of the isoflavones into the extractant. In another embodiment, the 
isoflavones are extracted by heating the plant material and the extractant for a period 
of from about 15 minutes to about 5 hours at a temperature from about 35°C to the 
10 reflux temperature of the extractant. In a preferred embodiment, the plant material is 
refluxed in a 60%-85% aqueous methanol solution for a period of about 1 hours to 
about 2 hours at a temperature of about 60°C to about TO'^C to extract the isoflavones 

* • • • 

into the aqueous methanol solution. In another preferred embodiment, the plant 
material is reflxjxed in an 60%-85% aqueous ethanol solution for a period of about 1 
15 hour to about 2 hours at a temperature of from about 70X to about 80°C to extract 

* * * 

the isoflavones into the aqueous ethanol solution. 

ft « 

• The extractant containing the isoflavones may then be separated from the plant 
material to provide an isoflavone containing material which may be dispersed in the 

* ft • * 

V.V.* provided isoflavone depleted vegetable protein material to provide the vegetable 
20 protein composition of the present invention. The separation may be effected by 

ft • • ft 

* conventional procedures to separate a sohd material from a liquid material. In one 
embodiment, the extractant and the plant material are centrifiiged, and the supernatant 
isoflavone containing extract may be decanted from the plant material. In another 
embodiment, the extractant and the plant material are separated by filtering the plant 

25 material from the extractant and collecting the isoflavone enriched extract as the 
filtrate. 

The isoflavone enriched extract may be subjected to further processing to 
produce an isoflavone containing material derived from the extract. In one 
embodiment of the invention, the isoflavone enriched extract may be concentrated by 
30 removing some, or all, or the extract solvent to produce a concentrated derivative of 
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the extract. The isoflavone enriched extract may be concentrated by conventional 
procedures. For example, the extract may be concentrated by heating to evaporate 
the extract solvent, by being placed under reduced pressure for a suflGcient time to 
remove some or all of the extract solvent, or, preferably, by a combination of both. 

A recrystallized isoflavone containing material may also be derived from the 
isoflavone enriched extract. First, the extract may be concentrated as described 
above. Then, optionally, cold water, preferably having a temperature of from about 
4''C to about 20''Q may be added to the condensed extract. If water is added to the 
condensed extract, the weight ratio of the added water to the condensed extract is 
preferably from about 0.5:1 to about 4:1. The extract is then chilled to about 0°C to 
about 20°C to allow die isoflavone containing material to crystallize. The 
recrystalli2:ed isoflavone containing material may then be recovered by conventional 
procedures for separating a solid material from a liquid, and preferably is filtered 
from the remaining extract. 

A highly purified isoflavone containing material may also be derived from the 
isoflavone enriched extract by chromatography, preferably by HPLC. The extract 
may be concentrated, if desired, or the extract may utilized widiout subsequent 
concentration. The extract, or concentrated extract, is initially filtered to remove 
insoluble material that could plug an HPLC column. Preferably the extract is filtered 
by being passed through a Whatman No. 5 filter, and then through a 0.45p filter. 

An HPLC column is prepared by packing a conventional conmiercially 
available HPLC column with a particulate adsorbent material capable of releasably 
binding isoflavones and non-isoflavone impurities in a compound specific manner. 
The adsorbent material may be any reverse phase HPLC packing material, however, a 
preferred packing material may be chosen on the basis of load capacity, separation 
effectiveness, and cost. One such preferred packing material is Kromasil CIS 16pm 
lOOA beads available from Eka Nobel, Nobel Industries, Sweden. 

The filtered extract, or concentrated extract, may then be passed through the 
packed HPLC column until all die binding sites of the column are fully saturated with 
isoflavones, which is detected by the appearance of isoflavones in the effluent from 
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the column. The HPLC column may then be eluted with an eluent such as aqueous 
alcohol, acetonitrile, ethyl acetate, acetone, water, or combinations thereof to effect 
the separation of the isoflavones from other compounds in the extract. 

In a particularly preferred embodiment, the eluent is an aqueous ethanol 
solution. The aqueous ethanol may have an alcohol content of between about 10% 
and 90% alcohol by volume. When a single concentration of ethanol is used as the 
eluent, the aqueous ethanol preferably has an alcohol content of about 50% by 
volume. It is more preferred, however, to use a step-wise gradient of eluents, where 
the column is initially eluted with an aqueous ethanol eluent having a low alcohol 
content, followed by successive aqueous ethanol eluents containing greater alcohol 
content. For example, a first eluent may be a 20% aqueous ethanol solution, a second 
eluent may be a 50% aqueous ethanol solution, and a final eluent may be an 80% 
aqueous ethanol solution. 

Fractions of the isoflavone containing material are collected fi-ora the column 
effluent. The fi^actions of effluent containing isoflavones arc identified, preferably by 
UV absoiption at 262 nm, and separated from fractions of the effluent containing 
non-isoflavone materials. The collected fractions of the isoflavone containing 
material are then combined to provide a purified isoflavone containing material. The 
eluent in the combined fractions of isoflavone containing materials may be 
evaporated by heat, by reduced pressure, or by a combination thereof, to produce a 
solid purified isoflavone containing material. 

Dispersing the Isoflavone containing Material in the Isoflavone Depleted Vegetable 
Protein Material 

The isoflavone containing material may be dispersed in the isoflavone 
depleted vegetable protein material according to conventional methods. If the 
isoflavone containing material is a liquid, the isoflavone containing material may be 
sprayed onto the vegetable protein material as the vegetable protein material is 
agitated. Preferably a liquid isoflavone containing material is atomized as it is 
sprayed onto the vegetable protein material. A liquid isoflavone containing material 
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may also be poured into the isoflavone depleted vegetable protein material and mixed 
together with the protein material. 

If the isoflavone containing material is a solid, the solid material is preferably 
groimd into a powder prior to dispersing the material in the isoflavone depleted 
5 vegetable protein material. The powder may then be mixed directly with the 
vegetable protein material. The isoflavone enriched powder material and the 
vegetable protein material are preferably agitated together to uniformly disperse the 
isoflavone containing material in the protein material. 

If the isoflavone depleted vegetable protein material is dispersed in a liquid, 

10 either as a slxmy or a solution, the isoflavone containing material, whether liquid or 
solid, may be added to and mixed in the slurry or solution of isoflavone depleted 
vegetable protein material. Preferably the isoflavone containing material is mixed in 
a slurry or solution of isoflavone depleted vegetable protein material by agitating the 
mixture, for example, with a stirring paddle. 

15 In another embodiment, a solid isoflavone containing material may be mixed 

with a Uquid dispersing agent, preferably soy oil or lecithin, and coated on the 
isoflavone depleted vegetable protein material. The liquid dispersing agent 
containing the isoflavone containing material may be applied by dkectly adding the 
liquid dispersing agent to the vegetable protein material and mixing, for example with 

20 a ribbon blender, or by spraying the liquid dispersing agent on the vegetable protein 
material while agitating the protein material. 

In another aspect, the present invention is a process for forming a vegetable 
protein composition containing an isoflavone depleted vegetable protein material and 
an isoflavone containing material, where the isoflavone depleted vegetable protein 

25 material and the isoflavone containing material are derived from the same vegetable 
material. The process includes the steps of providing a vegetable material containmg 
protein and isoflavones, extracting the vegetable material with an extractant effective 
to solubilize isoflavones to form an extract containing isoflavones, separating an 
isoflavone depleted vegetable protem material from the extract containing 

30 isoflavones, forming an isoflavone containing material from the extract, and 
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dispersing the isoflavone containing material in the isoflavone depleted vegetable 
protein material. 

A vegetable material containing protein and isoflavones is provided, 
preferably by selecting a vegetable material from the vegetable materials listed above 
which contain isoflavones and protein. In a preferred embodiment, the vegetable 
material is a soy bean material, including processed or miprocessed soy bean 
materials. In a most preferred embodiment, the vegetable material is a soy flake, soy 
flour, or soy meal material. 

The vegetable material is extracted with a extractant which is effective to 
solubilize isoflavones, where a non-exclusive list of such extractants is provided 
above. In one embodiment, the vegetable material is extracted with a extractant as 
described above in the process for forming a vegetable protein concentrate, where the 
isoflavones are contained in the extractant, and the protein is insoluble in the 
extractant. In another embodiment, the vegetable material is extracted with a 
extractant as described above in the process for forming a vegetable protein isolate, 
where the isoflavones and protein are contained in the extractant, and are separated 
from vegetable materials which are insoluble in the extractant. 

An isoflavone depleted vegetable protein material is then separated from the 
extract containing isoflavones. In one embodiment, the isoflavone depleted material 
is a vegetable protein concentrate, which is separated from the extract, or wash, 
containing the isoflavones as described above with respect to vegetable protein 
concentrates. In another embodiment, the isoflavone depleted material is a vegetable 
protein isolate, which is separated from the extract containing isoflavones by 
precipitating the vegetable protein material from the extract, and separating the 
precipitated protein material from the extract, as described above with respect to 
vegetable protein isolates. 

An isoflavone containing material is then formed from the extract. The 
isoflavone containing material is a derivative of the extract, where the isoflavone 
containing material may be derived from the extract by concentrating the extract, 
recrystallizing the isoflavone containing material from the extract, or purifying the 
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isoflavone containing material from the extract, as described above with respect to 
providing an isoflavone containing material from an extract. In this embodiment of 
the invention, the isoflavone containing material should not be the extract itself, since 
recombining the extract with the isoflavone depleted vegetable protein material 
5 formed by the extraction will recombine all the components of the initial vegetable 
material, and will not result in a vegetable protein material having improved taste or 
functional properties. 

The isoflavone containing material may then be dispersed in the isoflavone 
depleted vegetable protein material. The isoflavone containing material may be 
10 dispersed in the vegetable protein material as described above. 

The vegetable protein composition of the present invention can be used in a 
variety of foods to provide nutritional fortification, and functional properties. For 
example, the vegetable protein composition can be added to foods including, but not 
limited to, meats such as ground meats, emulsified meats, marinated meats; beverages 
15 such as nutritional beverages, sports beverages, protein fortified beverages, juices, 
milk, milk alternatives, and weight loss beverages; nutritional food bars; cheeses such 
as hard and soft cheeses, cream cheese, and cottage cheese; firozen desserts such as 
ice cream, ice milk, low fat fi^ozen desserts, and non-dauy fi^ozen desserts; yogurts; 
soups; puddings; bakery products; salad dressings; and dips and spreads such as 
20 mayonnaise and chip dips. 

The following Formulations 1-4 illustrate foods or beverages that may be 
formed using a vegetable protein composition of the present invention. The 
vegetable protein composition used in the formulations is a soy protein isolate having 
an isoflavone containing material dispersed therein, where the isoflavone containing 
25 material contains several of the isoflavone compounds of Formula 1 and/ or Formula 
2. The vegetable protein composition in the following examples typically contains 
between about 2.5 to about 5 milligrams total isoflavones per gram of protein. 
Formulation 1 

Ready to drink beverage 
30 A ready to drink beverage is formed of the following components: 
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Ingredient Percent of composition, by weight 

Water 80 - 85 

Vegetable protein composition 10-15 

Sucrose 5-8 

Cocoa 0.1-1 

Vitamins/Minerals 0.1-1 

Flavor 0.1-1 

Cellulose gel 0.1 -0.5 

The ready to drink beverage may be served in 8 ounce servings containing 
about 20 grams of the vegetable protein composition including about 50 to about 100 
milligrams of the isoflavone compounds. 
Fonnulation 2 

Powdered beverage 

A powdered beverage is formed of the following components: 

Ingredient Percent of composition, by weight 

Vegetable protein composition 85-90 

Sucrose 8-15 

Maltodextrin 1 - 5 

Vitamins/Minerals 0,5 - 2 

Aspartame 0 - 0,5 

Flavor 0 - 0.5 

30 grams of the powdered beverage fonnulation may be added to water to 
fonn a serving containing about 25 grams of the vegetable protein composition 
including about 62 to about 125 milligrams of the isoflavone compounds. 
Fonnulation 3 

Food bar 

A food bar is formed of the following components: 

Ingredients Percent of composition, bv weight 

Vegetable protein composition 20 - 30 

Com syrup 35 - 45 
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Rice syrup solids 7-14 

Glycerin 1 - 5 

Cocoa 2-7 

Compound coating 15-25 

The food bar may be served in 70 gram portions containing about 15 grams of 
the vegetable protein composition having about 37 to about 75 milligrams of the 
isoflavone compounds therein. 
Formulation 4 

Yogurt 

A yogurt is formed of the following components: 

Ingredients Percent of composition, bv weight 

Water 65 - 75 

Vegetable protein composition 5-15 

Sucrose 3-8 

Com starch 1-5 

Dextrin 0.3 - 1 

Cellulose gel 1-3 

Culture (yogurt) 0.01 - 0. 1 

Fruit 10 - 20 

Vitamins/Minerals 0.05 - 0.3 

The yogurt may be served in a 170 gram serving containing about 8 grams of 
the vegetable protein composition having about 20 to about 40 milligrams of 
isoflavone compoimds therein. 

The following non-limiting examples illustrate the vegetable protein 
composition of the present invention and processes for producing the composition. 

EXAMPLE 1 

In a first experiment, an isoflavone depleted soy protein isolate is formed, 150 
lbs. of defatted soybean flakes are sliuried in 1500 lbs. of water heated to a 
temperature of 33°C in an extraction tank. Sufficient calcium hydroxide (about 1.3% 
by weight) is added to the soybean flake slurry to adjust the pH of the slurry to 9.7. 
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The soy flakes are extracted for a period of 30 minutes after which the aqueous 
solution is separated from the extracted flakes by centrifiigation. The aqueous extract 
is held while the extracted flake residue is redispersed in 900 lb. of water heated to a 
temperature of 33°C. The pH of the extracted flake slurry at this point is 9.0. A 
second aqueous extract is collected by centrifiiging, and the first and second extracts 
are combined. To the combined aqueous extracts 85% phosphoric acid is added to 
adjust the pH to 4.5 (the isoelectric point of soy protein) to precipitate the protein. 
The precipitated protein is then separated from the combined aqueous extracts, and is 
washed with 100 lbs. of aqueous ethanol (80%) to fonn the isoflavone depleted 
protein isolate. 

EXAMPLE 2 

In a second experiment, an isoflavone depleted soy protein concentrate is 
formed. 100 lbs. of defatted soy flakes are placed in a mixing tank with 1000 lbs. of 
aqueous ethanol (80%) heated to 35°C. The flakes and aqueous ethanol are agitated 
in the mixing tank for 30 minutes. The aqueous alcohol extract is removed from the 
soy flake material by centrifiigation and decantation of the supernatant to provide the 
isoflavone depleted soy protein concentrate. 

EXAMPLES 

An isoflavone depleted soy protein isolate is formed from an alcohol extracted 
isoflavone depleted soy protein concentrate. An alcohol extracted isoflavone 
depleted soy protein concentrate is formed as described in Example 2. The alcohol 
extracted soy protein concentrate is slurried in 700 lbs. of water heated to a 
temperature of 33*^0 in an extraction tank. Sufficient calcixun hydroxide is added to 
the slurry to adjust the pH of the slurry to 9.7. The slurry is extracted for a period of 
45 minutes, after which an aqueous extract containing solubili2«d soy protein is 
separated from insoluble materials in the slurry by centrifiigation. The aqueous 
extract is held while the extracted insoluble materials are redispersed in 450 lbs. of 
water heated to a temperature of SS'^C. A second aqueous extract is collected by 
centrifiiging, and the first and second extracts are combined. Sufficient hydrochloric 
acid is added to the combined extracts to adjust the pH of the combined extracts to 
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4.5 to precipitate the solubilized protein. The precipitated protein is then separated 
from the combined extracts, and is washed with 70 lbs. of water to form an isoflavone 
depleted soy protein isolate. 

EXAMPLE 4 

5 An isoflavone containing material is formed from a defatted soy flake 

material. 100 lbs. of a defatted soy flake material is placed in a mixing tank 
containing 1000 lbs. of aqueous ethanol (80%) heated to 35^C. The flakes and 
aqueous ethanol are agitated in the mixing tank for 30 minutes. The aqueous ethanol 
extract, enriched in isoflavones, is separated from the soy flake material by 
10 centrifiigation. The aqueous ethanol extract is concentrated by heating the extract to 
45°C under reduced pressure until substantially all of the alcohol in the extract is 
removed. The concentrated extract contains about 50% solids by weight, and is an 
isoflavone containing material. 

EXAMPLE 5 

15 A reciystaUized isoflavone containing material is formed. 200 lbs. of a 

concentrated aqueous ethanol extract is formed in accordance with Example 4. 180 
lbs. of cold water having a temperature of 13°C is added to the concentrated extract. 
The concentrated extract/water mixture is held at l^C for 24 hours, and the isoflavone 
containing material is recovered as a crystallized solid material from the solution. 

20 EXAMPLE 6 

A purified isoflavone containing material is formed. 900 lbs. of aqueous 
ethanol extract is formed in accordance with Example 4, except that the extract is not 
concentrated after being separated from the soy flakes. The extract is filtered, and 
then loaded onto a HPLC column packed vn\h Kromasil CI 8 16nm 100 A beads from 

25 Eka Nobel, Nobel Industries, Sweden. The column is eluted with 3 colrnnn volumes 
of 30% aqueous ethanol, followed by 3 column volumes of 50% aqueous ethanol, 
followed by 3 column volumes of 80% aqueous ethanol. Fractions of isoflavone 
containing eluent are collected from the efQuent of the column, where the isoflavones 
are detected by UV absorption at 262 nm. The isoflavone containing eluent fractions 

30 are combined, and are concentrated to a solid residue by heating the fractions to 50*^C 
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under reduced pressure. The solid residue is collected to provide a purified 
isoflavone containing material. 

EXAMPLE 7 

An isoflavone containing material is formed from red clover. Red clover is 
5 dried, and placed in a mixing tank with an aqueous ethanol solution (75%) heated to 
80°C. The clover and aqueous ethanol solution are mixed for a period of 10 hours 
while maintaining the temperature of the mixture at 80^C. After the clover and 
extract have been mixed, an isoflavone enriched extract is recovered by centrifuging 
the mixture and decanting the isoflavone enriched supernatant. The isoflavone 
10 enriched extract is concentrated by heating to 60*^C xmder reduced pressure for a time 
sufficient to remove the extract and leave an isoflavone enriched residue. 

EXAMPLE 8 

A vegetable protein composition of the present invention is formed by 
dispersing any one of the isoflavone containing materials formed in Examples 4-8 in 
15 the soy protein isolate formed in Example 1. The soy protein isolate is placed in a 
mixing tank, and the isoflavone containing material is added to the soy protein. The 
soy protein isolate and the isoflavone containing material are mixed together for a 
period of 30 minutes, after which the vegetable protein composition is recovered. 

EXAMPLE 9 

20 A vegetable protein composition of the present invention is formed by 

dispersing any one of the isoflavone containing materials formed in Examples 4-8 in 
the soy protein concentrate fonned in Example 2. The soy protein concentrate is 
placed in a mixing tank, and the isoflavone containing material is added to the soy 
protein concentrate. The soy protein concentrate and the isoflavone containing 

25 material are mixed together for a period of 30 minutes, after which the vegetable 
protein composition is recovered. 

EXAMPLE 10 

A vegetable protein composition of the present invention is formed by 
dispersing any one of the isoflavone containing materials formed in Examples 4-8 in 
30 the soy protein isolate formed in Example 3. The soy protein isolate is placed in a 



MAW:iL;TMP:#28560.SPE 



12 June, 1998 



-30- 

mixing tank, and the isoflavone containing material is added to the soy protein. The 
soy protein isolate and the isoflavone containing material are mixed together for a 
period of 30 minutes, after which the vegetable protein composition is recovered. 

It is to be understood that the foregoing are merely preferred embodiments of 
the invention and that various changes and alterations can be made without departing 
from the spirit and broader aspects thereof as set forth in the appended claims, which 
are to be interpreted in accordance with the principles of patent law including the 
Doctrine of Equivalents. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. A vegetable protein composition, comprising: 

an isoflavone depleted vegetable protein material; and 

an isoflavone containing material dispersed in said isoflavone depleted 
vegetable protein material. 

2. The vegetable protein composition of claim 1 wherein said isoflavone depleted 
vegetable protein material is an isoflavone depleted soy protein material. 

3. The vegetable protein composition of claim 2 wherein said isoflavone depleted 
soy protein material is a soy protein concentrate. 

4. The vegetable protein composition of claim 3 wherein said soy protein 
concentrate is an ethanol extracted soy protein concentrate. 

5. The vegetable protein composition of claim 3 wherein said soy protein 
concentrate is an aqueous acid extracted soy protein concentrate. 

6. The vegetable protein composition of claim 2 wherein said isoflavone depleted 
soy protein material is a soy protein isolate. 

7. The vegetable protein composition of claim 1 wherein said isoflavone 
containing material is a material separated from a plant material containing 
isoflavones. 

8. The vegetable protein composition of claim 7 wherein said isoflavone 
containing material is separated from a plant material selected from the group 
consisting of soy bean, chick pea, red clover, subterranean clover, ground pea, milk 
vetch, marama bean, sword bean, jack bean, seaside sword bean, carobean, cluster 
bean, balu, hyacinth bean, grass pea, Indian vetch, garden pea, djenko bean, goa bean, 
yam bean, broad bean, earth pea, lentil, jumping bean, alfalfa, velvet bean, African 
locust bean, inga, Cyprus vetch, yebnut, tallow tree, Polynesian chestnut, kudzu root 
{Pueraria lobata), oil bean tree, mesquite, tamarind, fenugreek, Indian liquorice, 
ground nut, and derivatives of such plant materials including defatted soy flakes, soy 
flour, and soy meal. 

9. The vegetable protein composition of claim 7 wherein said isoflavone 
containing material is an extract of said plant material. 



MAW:JL:TMP:#28560.SI>E 



12 June 1998 



-32- 

10, The vegetable protein composition of claim 9 wherein said extract of said 
plant material is an alcohol, ethyl acetate, acetone, aqueous, acetonitrile, or 
chloroform extract of said plant material. 

IL The vegetable protein composition of claim 9 wherein said isoflavone 
containing material is a concentrated extract of said plant material, 

12. The vegetable protein composition of claim 1 1 wherein said plant material is a 
soy material, and said concentrated extract of said plant material is condensed soy 
solubles. 

13. The vegetable protein composition of claim 11 wherein said plant material is a 
clover material, and said concentrated extract of said plant material is a condensed 
aqueous alcohol clover extract- 

14. The vegetable protein composition of claim 9 wherein said isoflavone 
containing material is a derivative of an extract of said plant material, 

15. The vegetable protein composition of claim 14 wherein said derivative of an 
extract of said plant material is a solid material concentrated from said extract. 

16. The vegetable protein composition of claim 14 wherein said derivative of an 
extract of said plant material is a purified isoflavone material. 

17. The vegetable protein composition of claim 1 wherein said isoflavone 
containing material contains at least one synthetically formed isoflavone. 

18. The vegetable protein composition of claim 1, wherein said isoflavone 
containing material contains at least one or more isoflavones selected from the group 
comprising genistein, daidzern, glycitcin, formononetin, biochanin A, genistin, 
daidzin, glycitin, 6"-0MaI genistin, 6'*-OAc genistin, 6"-OMal daidzin, 6"-OAc 
daidzin, 6"-0Mal glycitin, and mixtures thereof. 

19. The vegetable protein composition of claim 1, wherein said vegetable protein 
composition contains from about 2.5 mg to about 100 mg of total isoflavones per 
gram of protein. 

20. The vegetable protein composition of claim 19 wherein said vegetable protein 
composition contains from about 1.5 mg to about 85 mg of aglucone isoflavones per 
gram of protein. 
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21. A process for forming a vegetable protein composition, comprising; 
providing an isoflavone depleted vegetable protein material; 
providing an isoflavone containing material; and 

dispersing said isoflavone containing material in said isoflavone depleted 
vegetable protein material. 

22. The process as set forth in claim 21 wherein providing an isoflavone depleted 
vegetable protein material comprises providing an isoflavone depleted soy protein 
material. 

23. The process as set forth in claim 22 wherein said isoflavone depleted soy 
protein material is a soy protein concentrate. 

24. The process as set forth in claim 23 wherein said soy protein concentrate is an 
alcohol extracted soy protein concentrate, 

25. The process as set forth in claim 23 wherein said soy protein concentrate is an 
aqueous acid extracted soy protein concentrate. 

26. The process as set forth in claim 22 wherein said isoflavone depleted soy 
protein material is a soy protein isolate. 

27. The process as set forth in claim 21 wherein providing an isoflavone 
containing material comprises separating an isoflavone containing material from a 
plant material containing isoflavones. 

28. The process as set forth in claim 27 wherein said isoflavone containing 
material is separated from at least one plant material selected from the group 
consisting of soy bean, chick pea, red clover, subterranean clover, ground pea, milk 
vetch, marama bean, sword bean, jack bean, seaside sword bean, carobean, cluster 
bean, balu, hyacinth bean, grass pea, Indian vetch, garden pea, djenko bean, goa bean, 
yam bean, broad bean, earth pea, lentil, jumping bean, alfalfa, velvet bean, African 
locust bean, inga, cypnis vetch, yebnut, tallow tree, Polynesian chestnut, kudzu root 
(Pueraria lobata), oil bean tree, mesquite, tamarind, fenugreek, Indian liquorice, 
groxmd nut, and derivatives of such plant materials including defatted soy flakes, soy 
flour, and soy meal. 
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29. The process as set forth in claim 27 wherein said isoflavone containing 
material is separated from said plant material by extracting said plant material with an 
extractant in which isoflavones are soluble and separating said extractant from said 
plant material to form an extract containing isoflavones. 

30. The process as set forth in claim 29 wherein said extractant is selected from 
the group consisting of water; low molecular weight alcohols, including methanol, 
ethanol, propanoic isopropyl alcohol, butanol, and isobutyl alcohol; ethyl acetate; 
acetone; acetonitrile; chloroform; and mixtures thereof. 

31. The process as set forth in claim 29 wherein said isoflavone containing extract 
is concentrated after being separated from said plant material. 

32. The process as set forth in claim 29 wherein said isoflavone containing 
material is a derivative of said extract. 

33. The process as set forth in claim 29 wherein said derivative of said isoflavone 
containing extract of said plant material is a solid material concentrated from said 
extract. 

34. The process as set forth in claim 29 wherein said derivative of said isoflavone 
containing extract of said plant material is a purified isoflavone material. 

35 The process as set forth in claim 21 wherein providing an isoflavone 
containing material comprises providing condensed soy solubles. 

36. The process as set forth in claim 21 wherein providing an isoflavone 
containing material comprises providing a material containing at least one or more 
isoflavones selected from the group genistein, daidzetn, glycitcin, forraononetin, 
biochanin A, genistin, daidzin, glycitin, 6"-OMal genistin, 6"-0Ac genistin, 6**-0Mal 
daidzin, 6"-0Ac daidzin, 6"-0Mal glycitin, and mixtures thereof 

37. The process as set forth in claim 21 wherein dispersing said isoflavone 
containing material in said isoflavone depleted vegetable protein material comprises 
mixing said isoflavone containing material in said isoflavone depleted vegetable 
protein material. 

38. The process as set forth in claim 21 wherein said isoflavone containing 
material is dispersed in said isoflavone depleted vegetable protein material so that 
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from about 2.5 mg to about 100 mg of total isoflavones are present per gram of 
isoflavone depleted vegetable protein material. 

39. The process as set forth in claim 31 wherein said isoflavone containing 
material is dispersed in said isoflavone depleted vegetable protein material so that 

5 from about 1.5 mg to about 85 mg of aglucone isoflavones are present per gram of 
isoflavone depleted vegetable protein material. 

40. A process for forming a vegetable protein composition, comprising: 
providing a vegetable material containing protein and isoflavones; 
extracting said vegetable material v^ith an extractant eflTective to solubilize 

10 isoflavones to fonn an extract containing isoflavones; 

separating an isoflavone depleted vegetable protein material from said extract 
containing isoflavones; 

forming an isoflavone containing material from said extract; 

dispersing said isoflavone containing material in said isoflavone depleted 
15 vegetable protein material: 

41. The process as set forth in claim 40 wherein providing a vegetable material 
containing protein and isoflavones comprises providing a soy material. 

42. The process as set forth in claim 41 wherein said soy material is selected from 
soy flakes, soy flour, soy grit, or soy meal, 

20 43. The process as set forth in claim 40 wherein said extractant is selected from 
water; a low molecular weight alcohol, including methanol, ethanol, isopropyl 
alcohol, propanol, butanol, and isobutyl alcohol; ethyl acetate, acetone, acetonitrile, 
and mixtures thereof. 

44. The process as set forth in claim 40 wherein the weight ratio of said extractant 
25 to said vegetable material is from about 2:1 to about 16:1. 

45. The process as set forth in claim 40 wherein said isoflavone depleted vegetable 
protein material is separated from said extract containing isoflavones by centrifugiag 
said vegetable material and said extractant, and decanting said extract from said 
vegetable protein material. 



MAW:JL:TMP:«8560.SPE 



12 June, 1998 



-36- 

46, The process as set forth in claim 40 wherein said isoflavone depleted vegetable 
protein material is separated from said extract containing isoflavones by filtering said 
extract from said vegetable protein material. 

47, The process as set forth in claim 40 wherein said extractant is an aqueous 
5 alkaline extractant effective to solubilize said protein and said isoflavones in said 

vegetable material. 

48, The process as set forth in claim 47 fiirther comprising the step of separating 
said aqueous alkaline extractant from insoluble vegetable materials prior to separating 
said isoflavone depleted protein material from said extract containing isoflavones. 

10 49. The process as set forth in claim 47 wherein separating said isoflavone 
depleted protein material from said extract containing isoflavones comprises 
adjusting the pH of said aqueous alkaline extractant to about the isoelectric point of 
said protein in said extractant to precipitate said isoflavone depleted protein material, 
and separating said precipitated isoflavone depleted protein material from said 

15 aqueous extractant at a pH about the isoelectric point of said protein to produce a 
vegetable protein isolate and an extract containing isoflavones. 
50. The process as set forth in claim 40 wherein said vegetable material is 
extracted with an aqueous alcohol extractant, and a vegetable protein concentrate is 
separated from said extract containing isoflavones. 

20 51. The process as set forth in claim 40 wherein said vegetable material is 
extracted with an acidic aqueous solution having a pH at about the isoelectric point of 
said protein in said vegetable material, and a vegetable protein concentrate is 
separated from said extract containing isoflavones. 

52. The process as set forth in claim 40 wherein said isoflavone containing 
25 material is formed from said extract by concentrating said extract. 

53. The process as set forth in claim 40 wherein said isoflavone containing 
material is formed from said extract by recrystallizing said isoflavone containing 
material in said extract, and separating said recrystallized isoflavone containing 
material from said extract. 
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54. The process as set forth in claim 40 wherein said isoflavone containing 
material is formed from said extract by contacting said extract with an adsorbent 
material capable of releasably binding isoflavones and non-isoflavone compounds in 
a compoimd specific manner, and, after contacting said extract with said adsorbent 
material, eluting said adsorbent material with an eluent in which said isoflavones are 
soluble, and collecting fractions of said eluent containing a purified isoflavone 
material. 

55. A food composition, comprising: 
a food material; and 

a vegetable protein composition containing an isoflavone depleted vegetable 
protein material having a isoflavone containing material dispersed therein. 

56. The food composition of claim 55, wherein said food material is beverage. 

57. The food composition of claim 55 wherein said food material is a meat, 

58. The food composition of claim 55 wherein said food material is a nutritional 
food bar. 

59. The food composition of claim 55 wherein said food material is a cheese. 

60. The food composition of claim 55 wherein said food material is a yogurt. 

61. The food composition of claim 55 wherein said isoflavone depleted vegetable 
protein material in said vegetable protein composition is a soy protein isolate. 

62. The food composition of claim 55 wherein said isoflavone depleted vegetable 
protein material in said vegetable protein composition is a soy protein concentrate. 

63. A vegetable protein composition according to any one of claims 1 to 20 
substantially as hereinbefore described. 

64. A process according to any one of claims 21 to 54 substantially as 
hereinbefore described. 
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65. A food compositioii according to any one of claims 55 to 62 substantially 
hereinbefore described. 

DATED: 17 June, 1998 
CARTER SMITH & BEADLE 
Patent Attorneys for the Applicant: 

PROTEIN TECHNOLOGIES INTERNATIONAL, INC. 
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